The pavement condition index (PCI) is a simple, convenient and inexpensive way to monitor the condition of the surface of roads, identify maintenance and rehabilitation (M-and-R) needs as well as ensure that road maintenance budgets are spent wisely. In this research, the pavement condition was evaluated in terms of the surface distresses existing at the time of the field evaluation. The PCI procedure was used in this research because it deals with the subject of pavement distress identification most comprehensively and is based on a sound statistical technique of pavement sampling.
Introduction
Pavement distresses are classified into two different categories. The first is known as functional failure. In this case, the pavement does not carry out its intended function without either causing discomfort to passengers or high stresses to vehicles. The second, known as structure failure, includes a collapse of pavement structure or the breakdown of one or more components of the pavement with such magnitude that the pavement becomes incapable of sustaining the loads imposed upon its surface (Smith et al. 1979) . In some cases, one type of failure may be caused by the other type, but mostly there is only one type of failure.
Functional failure depends primarily on the degree of surface roughness. Structure failure in a flexible pavement may be a result of fatigue, consolidation or shear, developing in the subgrade, sub-base, base course or surface (Yoder and Witzak 1975) .
Road pavements require continuous maintenance and rehabilitation (M-and-R) works to prevent deterioration caused by repetitive traffic loading and environmental factors. However, with the limited fund allotted for pavement work, there is a need to use the available funds as effectively as possible. To accomplish this, a systematic procedure for scheduling M-and-R works to optimize the benefits to road users and minimize costs to the agency responsible for pavement management is recognized as a useful measure. Known as the Pavement Management System (PMS), such a system would allow administrators and engineers to allocate funds, personnel, resources, etc. most effectively (Hall et al. 1992) . The Pavement Condition Index (PCI) is normally determined annually in order to evaluate changes that occur in the road network system.
The PCI rating of a roadway is based on the observed surface distresses. The PCI rating is not a direct measure of structural capacity, skid resistance or road roughness; however, it is an objective tool for assessing the M-and-R needs of a roadway section with respect to an entire pavement system (Hajj et al. 2011) .
Some uses and benefits of PCI include the identification of the need for immediate M-and-R (Galehouse et al. 2003 ) of roads; development of a road network, preventive maintenance strategies and budgets; and evaluation of pavement materials and designs.
Description of study area
In this study, an attempt was made to evaluate and suggest suitable M-and-R works for a major road corridor connecting Aden city (the commercial capital of Yemen), located in the south, with major cities located in the northern region; this road is used for transporting goods and people, with a large percentage of heavy vehicles moving on it. This road is the Al-Fiush Road, which is 10.84 km (6.74 miles) long. It is a two-lane road, with one lane in each direction, and it is an asphalt pavement road, constructed 8 years earlier. The daily traffic moving on this road in the north direction includes 8,704 vehicles, with 58% heavy vehicles, while in the south direction, the traffic comprises 8,494 vehicles, with 45% heavy vehicles. Figure 1 shows the study area.
Study methodology
The pavement maintenance management system PAVER™ (1982) was used to evaluate and maintain road sections in this study. This manual was strictly followed for the purpose of evaluation and for the framing of maintenance policy.
Road classification (A, B, C, etc.) based on the traffic volume moving on sections of Al-Fiush Road was obtained as per Technical Manual TM5-822-2 (1987) .
Similarly, the traffic evaluation of vehicles moving on Al-Fiush Road sections was done as per Technical Manual TM5-822-2 (1987) . Based on the information available in this manual, the traffic category was obtained, and knowing the traffic category and road classification, the pavement design index was established. By knowing the pavement design index and California bearing ratio (CBR) values of the subgrade and base materials, the pavement's load-carrying capacity was obtained as per TM 5-623 (PAVER 1982) ; this step indicates whether the pavement sections under consideration are structurally strong enough for load carrying or are structurally failed and incapable of carrying the traffic loads imposed and therefore need structural rehabilitation or reconstruction. 
PCI determination procedure
A visual inspection of the pavement surface can provide valuable information. Visual inspection data can be used to evaluate the current pavement condition, predict future pavement performance, determine and prioritize pavement M-and-R needs, estimate repair quantities and evaluate the performance of different M-and-R techniques and materials.
The PCI procedure is the standard used by the road industry and the military to visually assess the current pavement condition. The procedure is described in the references in PAVER (1982) , American Society for Testing and Materials (ASTM) D6433-09 (2009) and Shahin (1997) and it has been used in this study. During a PCI survey, visible signs of deterioration are recorded and analyzed. The final calculated PCI value is a number from zero to 100, with 100 representing a pavement in excellent condition.
The pavement condition rating is determined from a correlation that presents pavement condition rating as a function of the PCI value. Table 1 shows the PCI ratings.
When interpreting the collected visual condition data, three different aspects of the collected data are of interest: the composite index, the type of distress present and the rate of deterioration. The PCI value itself provides a general idea of the pavement condition and the magnitude of work that will be required to rehabilitate the pavement. Pavements at the upper end of the scale are more likely to be candidates for maintenance and minor rehabilitation, while those in the lower ranges are more likely to require structural rehabilitation or reconstruction.
To evaluate a pavement, first of all, the pavement network should be divided into branches (such as streets, parking areas, etc.) and each branch should be divided into sections that have certain consistent characteristics throughout their area or length, such as structural composition, construction history, traffic and pavement condition. A sample unit is any identifiable area of the pavement section. It is the smallest component of the pavement network. Each pavement section is divided into sample units for the purpose of pavement inspection. Then the steps for performing the condition survey and determining the PCI rating are conducted as per literature (PAVER 1982; ASTM D6433-09 2009; Shahin 1997 ):
1. Inspect sample unit, determine distress type and severity level and then measure the density 2. The deduct values are determined from the deduct value curves for each distress type and severity. 3. A total deduct value (TDV) is computed by summing all individual deduct values. 4. Once the TDV is computed, the corrected deduct value (CDV) can be determined from the correction curves. When determining the CDV, if any individual deduct value is higher than the CDV, the CDV is set equal to the highest individual deduct value. 5. The PCI is computed using the relation PCI = 100 − CDV.
If all surveyed sample units are selected randomly, the PCI of the pavement section is determined by averaging the PCI of its sample units. If any additional sample units are inspected, a weighted average must be used. The weighted average is computed by using the following equation:
where PCI f = PCI of pavement section, PCI 1 = average PCI of random samples, PCI 2 = average PCI of additional samples, N = total number of samples in the section, and A = number of additional samples inspected. Density of the distresses, measured in square metres (m 2 ) or square feet (ft 2 ), is calculated as follows: 
= ×
After the density of distresses for each distress type/ severity combination is calculated, the deduct values are 
Evaluation of road sections in the study area
Al-Fiush Road, described earlier, is divided into sample units; the number of sample units to be inspected is determined as per specifications and then randomly selected. Each of the randomly selected sample unit is then surveyed to derive the PCI and the average PCI of each section is determined. Based on the PCI value of the section, the necessary maintenance or rehabilitation procedure is suggested.
PCI values of Al-Fiush Road sections
First, the sample size should be selected properly because the pavement includes a two-lane road; the total width of the pavement is 7 m (23 ft). It was decided to select the sample size as 7 m wide × 30.5 m long (or 23 ft × 100 ft), with area equaling 213.5 m 2 (2,300 ft 2 ). The second step is to determine the number of samples to be chosen for inspection.
The number of total samples N in a branch is obtained by dividing the length of the branch by the length of the sample, as shown below: The curves shown in Figure 2 are used to select the minimum number of sample units that must be inspected. When performing the initial inspection, the PCI range for a pavement section (i. e. PCI of the lowest sample unit subtracted from the PCI of the highest sample unit) is assumed to be 25 for asphalt concrete (AC) surfaces. However, if the PCI range of the samples considered was found to be >25 for a flexible pavement, it would be necessary to go back to Figure 2 , start on the N scale again, proceed vertically to the curve for PCI range >25, read the number of samples to be inspected on the n scale and determine the additional samples to be included. To find the sample size for Al-Fiush Road, start at 355 on the N scale (Figure 2) , proceed vertically to the appropriate curve (PCI range = 25) and read 15 on the n scale. This means that 15 sample units should be surveyed.
The spacing interval i of the units to be selected is computed from the following equation:
where i, N and n are defined earlier. All the sample numbers within a feature are numbered, and those that are multiples of the interval i (23) are selected for inspection. The first sample unit to be inspected should be selected at random between one and i sample units. In this section, we selected the first sample to be Sample 2; therefore, the remaining 14 samples are 
Field survey work for Al-Fiush Road sections
The actual survey of the section was carried out on 10 May 2014. By visual inspection of the section, it was found that there are a few depressions of medium and high severity, a few edge cracks of high severity, some medium-severity potholes and a few low-to medium-severity longitudinal and transverse cracks. The survey and distress identification procedures were carried out as per the references mentioned for the 15 samples. Figure 3 shows the condition survey data sheet for Sample No. 278, which shows that the sample has PCI = 67 and a rating of 'Good'.
Figure 3 also tells us that the distresses in the sample are high-severity edge cracks (Distress 7) and medium-severity potholes (Distress 13) only.
Each distress type has a separate figure to find the deduct value for that distress. Figure 4 shows the flexible pavement's deduct values for Distress 7, while Figure 5 shows the flexible pavement's deduct values for Distress 13. The TDV for each sample unit is determined by adding all the deduct values for each distress condition observed.
The CDV is determined using Figure 6 . The PCI of the sample unit inspected is calculated as follows PCI = 100 − CDV. The PCI of the entire section is the average of the PCI values of all sample units inspected. Because the PCI range (maximum PCI − minimum PCI) is 100 − 62 = 38, which is greater than the initial assumed PCI range for asphalt pavement (i. e. 25), it would be necessary to go back to Figure 2 , start at 355 on the N scale again, proceed vertically to the curve for PCI range = 34 and read 38 on the n scale. In this case, it would be necessary to survey an additional 16 samples (31 − 15 = 16).
While selecting additional sample units, the surveyor should select unusual sample units such as very 'poor' or 'excellent' sample units or non-typical distresses as additional sample units. An additional unit implies that the sample was not selected at random and/or contained distress(es) that were not representative of the section. The additional sample units selected were samples 1, 17, 30, 84, 87, 96, 105, 128, 158, 173, 199, 214, 217, 220, 230 and 237, respectively. These samples were inspected and the PCI values of these samples were determined as shown in Table 3 below.
The calculation of the PCI value when additional sample units are included is done using Equation 1 shown earlier.
PCI
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Suggested maintenance procedure for sections of Al-Fiush Road
Because the PCI value of the Al-Fiush Road section is 79.4, with rating of 'Very good', which has a PCI value greater than the limiting value, assumed as PCI = 70 as per Technical Manual TM 5-822-5 (1992) , continuation of the existing maintenance policy is recommended. The information in Table 4 (PAVER 1982) is used as a guide to select the appropriate maintenance method. This table presents the feasible maintenance methods for each distress type at a given severity level. However, because a few samples of the section have a poor rating, these may need special attention. Figure 7 shows high-severity edge cracks for Sample No. 278 in Al-Fiush Road. A check should be made to determine whether an existing pavement section of Al-Fiush Road is strong enough to support moving traffic loads. It is necessary to find the pavement's load-carrying capacity. Methods for determining the load-carrying capacity are given in Technical Manual TM5-822-2 (1987) and Technical Manual TM 5-822-5 (1992) for roads and pavements.
Determination of load-carrying capacity of the existing pavements of Al-Fiush Road sections

Structural composition of the pavement
The pavement of Al-Fiush Road section has structural composition shown in Table 5 .
Traffic composition of vehicles moving on the pavements
Traffic on the road sections consists of a combination of passenger cars, light-delivery trucks, two-axle trucks and trucks with three or more axles, as shown in Table 6 , along with the corresponding passenger car equivalent units (PCUs) for flat terrain:
As shown in Table 6 , the critical PCU values are in the north direction, and this value is taken for the analysis.
Determination of the class of roads was done in this study as per Technical Manual TM5-822-2 (1987) , and the effective design hourly volume (DHV) was taken as 15% of the average daily traffic, which is 0.15 × 13,626 = 2,044 PCUs. Table 7 (Technical Manual TM5-822-2 1987) shows the road class according to the effective DHV. Because the 
Note: L = low severity; M = medium severity; H = high severity; A = has only one severity level.
DHV in the road sections in this study was 2,044 PCUs, which is >900 PCUs; thus, the classification assigned for the road in this study is Class A Road. Manual TM5-822-2 (1987) , if the percentage of trucks on a road is >25%, then this road is considered as belonging to Category IVA. For Traffic category IVA and Road class A, the pavement design index is six, as shown in Table 8 (Technical  Manual TM5 -822-2 1987) .
As per Technical
For pavement design index 6, based on the information in Figure 9 (PAVER 1982), the pavement thickness required over a CBR of ten is 12 in (38.1 cm); over a CBR of 20, the required thickness is 9.0 in (23 cm). The overall thickness of the existing pavement is 22.45 in (57 cm). Therefore, this pavement section is structurally strong enough for the load it carries. Therefore, continuation of the existing maintenance policy is recommended. The information in Table 4 ( PAVER 1982 ) is used as a guide to select the appropriate maintenance method.
Surface roughness of Al-Fiush Road
The surface roughness was determined by riding at 60 km/h speed over the pavement sections of Al-Fiush Road, and it was found that the roughness is moderate.
Conclusion
In this study, an attempt was made to evaluate a major heavy-traffic highway road corridor connecting Aden city (the commercial capital of Yemen) to the northern region of the country, namely, sections of the Al-Fiush Road, by the visual inspection method.. An appropriate sample size was selected for visual inspection and rating. It has been found that the Al-Fiush Road section rating is 'very good', with PCI = 79.4, with a few samples rated as 'poor'.
A check was made to determine whether an existing pavement section of Al-Fiush Road is strong enough to support moving traffic loads, as it is necessary to find the pavement's load-carrying capacity. The analysis reveals that the pavement sections are structurally strong to carry the imposed traffic.
Based on the determined rating, the suggested maintenance for the pavement sections is continuation of the existing maintenance policy. The information in Table 4 obtained from Pavement Maintenance Management (1982) I  2  2  2  1  1  1  II  3  2  2  2  2  1  III  4  4  4  3  3  2  IV  5  5  5  4  4  3  IVA  6  6  6  5  5  4 is used as a guide to select the appropriate maintenance method. The tables present feasible maintenance methods for each distress type at a given severity level.
